A method is described for the development of the one-loop effective action expansion as an asymptotic series in inverse powers of the fermion mass. The method is based on the Schwinger-DeWitt proper-time technique, which allows for loop particles with nondegenerate masses. The case with SU(2) × SU(2) as the symmetry group is considered. The obtained novel series generalizes the well-known Schwinger-DeWitt inverse mass expansion for equal masses, and is chiral invariant at each order. We calculate the asymptotic coefficients up to the fifth order and clarify their relationship with the standard Seeley-DeWitt coefficients.  2001 Elsevier Science B.V. All rights reserved.
In a recent study [11] of the low-energy structure of the NJL model with the linear realization of explicitly broken SU(2) × SU(2) chiral symmetry on the basis of the Schwinger-DeWitt proper-time formalism we came to the necessity of performing systematic resummations inside the proper-time expansion. These resummations occur when the one loop diagrams of the proper-time Green's function involve particles with different but still comparable masses. There we have obtained the first three terms in the asymptotic expansion of the corresponding heat kernel, however, at that time we could not suggest the general resummation procedure without which the method cannot be considered as complete. The aim of this Letter is to present a general method for the construction of the heat kernel asymptotic expansion for such nondegenerate cases. The algorithm for resummations, Eq. (23), is formulated on a purely algebraic basis and is completely novel. It leads us to an expansion which can be classified as a series in inverse powers of mass with coefficient functions generalizing the standard Seeley-DeWitt coefficients. Let us clarify this place. The incorporation of nontrivial mass matrices in the heat kernel expansion is by no means a new, or unsolved problem. It has been considered in detail, for example, in [3] . However, without the resummation procedure the result cannot be cast in a chiral invariant form. We consider this symmetry property of asymptotic coefficients to be a crucial condition on any generalization of the Schwinger-DeWitt result, which as it is well known fulfills this requirement. The resummations come into play only after performing fully the integrations over the proper time. It is important to note that in our approach at no instance do we recur to the proper-time expansion. We do not expand in powers of proper-time the mass dependent part of the heat kernel, for example, by absorbing the mass term in the background fields. It is this feature which makes our approach differ essentially from the ones (see, for example, [12, 13] ) where authors study the proper-time asymptotics of heat kernels with arbitrary matrix-valued scalar potentials, and thus nontrivial mass matrices in particular.
Our starting point for calculations is the modulus of the functional fermion determinant for the one-loop effective action, given by the proper-time integral
which can always be regularized by using, for example, the Pauli-Villars cutoff [14] incorporated through the kernel ρ(T , Λ 2 ). We do not need the explicit form of ρ(T , Λ 2 ) in the following. The calculation will be performed in Euclidean space. The elliptic operator D † D has the form:
where Y is a matrix-valued function of scalar and pseudoscalar background fields. In the most general case the mass term m 2 does not commute with Y . The first step is the evaluation of the heat kernel in a fictitious Hilbert space. We shall use here the formalism developed by Fujikawa [15] . As a result we have
where A = B − 2ip∂/ √ T and tr is trace on the internal space. To simplify our consideration and make ideas more transparent let us choose the SU(2) × SU(2) group as a group of chiral transformations acting on background fields. In this case the most general expression for the square of the mass matrix is a sum Here f n (T , A) is equal to
where A(s) = e sMτ 3 Ae −sMτ 3 . If one takes into account the permutation property of the trace operation in Eq. (5), the expressions for f n (T , A) can be simplified. We find in this way
For the functions c
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Now one can integrate over momentum in Eq. (3), which is a standard procedure [10] . Up to total derivatives, which can be omitted in the effective action, we obtain the expansion
where the last term,f 3 (T , B), contains the additional contributions of order ∼ T 3 , coming from f 4 (T , A):
Let us replace in Eq. (17) the operator B by its expression in terms of Y (see Eq. (2)). The result is
1 + c (4) direct extension of the DeWitt WKB expansion constructed on the basis of the Schwinger proper-time method. Our approach can be used for a wide range of interesting applications, such as, for instance, the operator-product expansion [16] , or derivative expansions [17] , or heat-kernel one-loop renormalizations [18] . It is not difficult to extend our method to the cases with more complicated symmetry groups. For instance, in the sequel to this Letter we have already obtained asymptotic coefficients a i in the case of SU(3) × SU(3) chiral symmetry group [19] . The other direction for development is to include minimal coupling of the loop particles to gauge fields.
